Alfvén waves are primal and pervasive in space plasmas and significantly contributes to microscale fluctuations in the solar wind and some heliospheric processes. Here, we demonstrate the first observable distinct feature of Alfvén wave while propagating from magnetic cloud to trailing solar wind. The Walén test is used to confirm their presence in selected regions. 
INTRODUCTION
Alfvén waves (Alfvén 1942) i.e. incompressible magnetohydrodynamics (MHD) waves are the primitive oscillation in a magnetized plasma which has paramount importance both in astrophysical and laboratory plasmas (Foote & Kulsrud 1979; Cramer 2011) . These waves play a crucial role across various regimes of plasma physics, for example, (i) magnetized turbulence phenomenologies (Goldreich & Sridhar 1995; Ng & Bhattacharjee 1996; Boldyrev 2006) , (ii)the solar wind and its interaction with Earth (Eastwood et al. 2005; Ofman 2010; Bruno & Carbone 2013;  ⋆ E-mail: raghavanil1984@gmail.com Yang & Chao 2013; Burlaga 1971a ), (iii) interaction of magnetic large-scale structures , (iv) the solar corona (Marsch 2006; McIntosh et al. 2011) , (v) solar and stellar interiors (Gizon et al. 2008) , (vi) cosmic-ray transport (Schlickeiser 2015) , (vii) astrophysical disks (Quataert & Gruzinov 1999), and (viii) magnetic fusion (Heidbrink 2008) etc. This fascinating multitudinous applications result in an intense study of Alfvén waves which intriguingly attracting a lot of interest in space and solar physics (Cramer 2011).
In Alfvén waves, fluid velocity and magnetic field are oscillating together such that it can generate a wave propagating along the direction of the magnetic tension force. This leads to the obvious characteristic for identifying Alfvén waves i.e. the well-correlated changes in magnetic field B and plasma velocity V, described by the Walén relation (Walén 1944; Hudson 1971) as, V A = ±A B √ µ 0 ρ and A = 1 − µ 0 (P − P ⊥ )
where B is magnetic field vector and ρ is proton mass density. The ± denotes the sign of wave vector i.e propagation directions, parallel (-) and anti-parallel (+) to the background magnetic field B 0 . A is the thermal anisotropy parameter, P and P ⊥ are the thermal pressures parallel and perpendicular to the (B 0 ), respectively. In the solar wind near 1 AU, the thermal anisotropy is considered to be non-significant, and A is often assumed to be 1 (Burlaga 1971b; Yang et al. 2016 ).
The fluctuations ∆B in B can be obtained by subtracting average value of B from each measured values. Therefore, the fluctuations in Alfvén velocity is estimated as 
and for B x > 0,
in GSE-coordinate system. The R V A < 1 for outward Alfvén waves, whereas R V A > 1 for inward Alfvén waves (Yang et al. 2016) . It is expected that the Walén slope should be 1, however, most of the past observational studies show R W varies from 0.28 to 0.99 (Belcher & Davis 1971; Goldstein et al. 1995; Gosling et al. 2011; Chao et al. 2014) . The smaller (sub-unity) value of Walén slope in the solar wind plasma is still unresolved problem in space physics (Neugebauer 2006) . Moreover, how Alfvén wave properties transformed while propagating from one particular region to other is hardly studied. In fact, Alfvén waves are rarely observed in the magnetic cloud even though their expectations are high (Gosling et al. 2010; . It is important to study the influence of Alfvén waves on the dynamic evolution of magnetic cloud of coronal mass ejection (CME). Besides this, the energy flow of Alfvén waves within the magnetic cloud and to its following solar wind are intriguing problems. Here, we demonstrate the first in-situ observational features of Alfvén wave while propagating from magnetic cloud to trailing solar wind and put some light on the aforementioned issues and its implications.
EVENT SELECTION & OBSERVATIONS
Here, we study CME-CME interaction event which was provoked by interacting en-route multiple-CME's erupted on 13 th , 14 th , and 15 th February 2011. The same event has been investigated in past to study: 1) their interaction corresponding to different position angles (Temmer et al. 2014) , 2) their geometrical properties and the coefficient of restitution for the head-on collision scenario
and their geomagnetic response (Mishra & Srivastava 2014), 3) corresponding Forbush decrease phenomena (Maričić et al. 2014; Raghav et al. 2014 Raghav et al. , 2017 as compared to magnetic clouds region ).
For proper application of Walén test, the accurate estimation of background magnetic field is essential. However, it is not an observ- able quantity or it is not easily determined (Lichtenstein & Sonett 1979; Riley et al. 1996; Gosling et al. 2010) . Generally, the average value of de Hoffmann-Teller (HT) frame or the mean value of the magnetic field is used for the complete duration of observations (Yang & Chao 2013; Gosling et al. 2010) . However, HT frame can change quite fast in high-speed solar wind streams, and it is not always appropriate to take the average value of the magnetic field to be the background field . Gosling et al. (2009) ascribed that the solar wind fluctuations are pertinent to a slow varying base value rather than to an average value (Gosling et al. 2009 ). Further, they suggested that the conclusions derived from the analyses by assuming the fluctuations in all field components are relative to average values need to be reexamined. Thus, we thought that the ob- (Scudder et al. 1999 ) and (vi) the acceleration of a rotational discontinuity (Sonnerup et al. 1987 (Sonnerup et al. , 1990 (Belcher et al. 1969; Daily 1973; Burlaga & Turner 1976; Riley et al. 1996; Denskat & Neubauer 1982; Yang et al. 2016 ). The inward Alfvén waves are anticipated with increasing heliocentric distance and further linked with special events such as magnetic reconnection exhausts and/or back-streaming ions from reverse shocks (Belcher & Davis 1971; Roberts et al. 1987; Bavassano & Bruno 1989a; Gosling et al. 2009 Gosling et al. , 2011 . The wind velocity shears through plasma instabilities may cause superposition of inward and outward Alfvén waves locally (Bavassano & Bruno 1989b ). The simultaneous presence of both the Alfvén waves leads to non-linear interactions (Dobrowolny et al. 1980 ) which are not only crucial for the dynamical evolution of a Kolmogorov-like MHD spectrum (Bruno & Carbone 2013) but also for the depletion of the normalized cross helicity of Alfvénic fluctuations with increasing heliocentric distance (Roberts et al. 1987; Bavassano et al. 2000; Matthaeus et al. 2004) For the studied event, suggest that the Alfvén wave is induced by the interaction of multiple CMEs which may change the force balance conditions of the fluxrope . The Alfvén wave could be generated by the steepening of a magnetosonic wave which forms the shock at the leading edge of the magnetic cloud (Tsurutani et al. 1988 (Tsurutani et al. , 2011 . Thus, magnetic reconnection process induces inward Alfvén waves (Belcher & Davis 1971; Roberts et al. 1987; Bavassano & Bruno 1989a; Gosling et al. 2009 Gosling et al. , 2011 non-significant. This anisotropy in pressure can offsets the mag-netic tension and triggers the firehose instability on ion gyroscales (Davidson & Völk 1968; Yoon et al. 1993; Hellinger & Matsumoto 2000) which further leads to the interruption of Alfvén wave. The simulation studies infer that the decay process of Alfvén wave directly transfers large-scale mechanical energy into thermal energy via viscous dissipation which heats the plasma (Squire et al. 2016 (Squire et al. , 2017 . Here, we demonstrate the observational signature in which the plasma temperature corresponding to the same region (where we have observed decrease in Walén slopes as well as correlation coefficients) gradually increases (see Figure 1 ) by approximately one order. Also, the corresponding duration is nearly half a day which is The present study demonstrates the overall different characteristic of Alfvén waves propagating in the magnetic cloud (dominant inward waves) and trailing solar wind (dominant outward waves).
It has major implications in the dynamic evolution of the magnetic clouds (i.e. CMEs) which are the most stable structure in space and major drivers of heliospheric dynamics. The Sun is the main source of their ejection, further considering the number of CMEs ejected by the Sun, it is expected that the heliosphere should be full of magnetic clouds. However, no observational study support this expectation. It means there exists some process by which they tear down in the space and become part of the ambient solar wind. Moreover, how these magnetic structures disrupt in the space is still a mystery. The past studies suggest the CME-CME interactions formed complex ejecta in which the identity of individual CMEs (magnetic clouds) was lost (Burlaga et al. 2001 (Burlaga et al. , 2002 Farrugia & Berdichevsky 2004) , but how? is the question. Here, we
proposed that the propagation of Alfvén waves in magnetic cloud triggers instabilities in the stable magnetic configuration which leads to the disruption of magnetic clouds and further they become part of ambient solar wind. This might be a reason behind the rare observation of Alfvén waves in magnetic cloud, despite the high expectation of such observations (Jacques 1977; Gosling et al. 2010) . Further studies are required to investigate the Alfvén waves in interacting regions and their temporal evolution by multi-spacecraft measurements.
